Sunroof buffeting is one of the most critical issues in the vehicle wind noise phenomena. The experimental approach to solve this issue typically requires a lot of time and resources. To reduce time and cost, the numerical approach could be taken, which can also privide more insights into physical phenomena involved in sunroof buffeting, only if the accuracy in its predictions are guranteed. The benchmark test of various numerical solvers is carried out for the buffeting behavior of a simplified vehicle body, the Hyundai simplified model(HSM). The results of each solver are compared to the experimental measurements in a Hyundai aeroacoustic wind tunnel(HAWT) at various wind speeds. In particular, acoustic response tests were performed and the results were provided prior to all simulations in order to consider the real world effects that could introduce discrepancies between the numerical and experimental approaches. Through this study, most solvers can demonstrate an acceptable accuracy level for actual commercial development and high precision experimental data and computational prediction priories can be shared in order to promote the numerical accuracy level of each numerical solver.
Introduction
The buffeting phenomenon is considered one of the most important issues of wind noise problems.
It is very difficult to apply the numerical approach because of the strong coupling between aerodynamic behavior and aeroacoustic
propagation. The real world effects of actual vehicle driving conditions can particularly highlight the differences between the numerical method and experimental results. These are challenging obstacles when the numerical approach is applied to the commercial vehicle development process.
One of the real world effects is leakage flow from the vehicle body as shown in Fig. 1 
(a).
Additional flow is made by pressure differences between interior and exterior parts of the driving vehicle. This auxiliary flow can affect the shear layer at the trailing edge of the sunroof opening.
Moreover, sound absorption material inside a car can make a damping effect to change the characteristics of buffeting as depicted in Fig. 1(b) . It is very important to consider the damping effect, which can affect the shear layers on the sunroof opening area, since a ground vehicle has a lot of sound absorption material such as seats, trim covers and floor carpets. In addition, elastic deformations of vehicle body panels through strong resonance, which is referred to as the compliance effect is shown in Fig. 1 
Experimental Results

Experimental Setup
The upper part of a conventional road vehicle body can be simplified to a wedge-like shape for 
Acoustic Response Test(ART)
In order to consider the damping effect by the interior sound absorption material, one of the important real world effects, complex transfer functions, can be examined through the ART (1, 2) .
As the acoustic excitation, a loud speaker was For each step, the complex transfer function (ctf) is defined as
where g is signal of a reference microphone, f is one of a response microphone, Gk and Fk are the 
where c is the speed of sound, S is the neck area, V is the cavity volume, L is the neck
The theoretical values of the resonance frequency and Q-factor are 26.6 Hz and 48.6 respectively. 
Buffeting Test
In the buffeting test, peak frequencies and peak sound pressure levels were measured for a range of wind speeds from 20 km/h to 100 km/h, as shown in Fig. 7 . The peak sound pressure level had maximum value at 50 km/h and the buffeting phenomena became weak at wind speeds over 80 km/h.
Benchmark Study Results
Overview of CFD solvers
Seven commercial solvers attended the benchmark test, which included a variety of software packages covered from world-wide CFD software providers to prototype code under development.
Each solver applied a variety of numerical Table 1 .
Validation of Velocity Profiles
When the sunroof area on the upper surface was closed, the velocity profiles were measured at three points as shown in Fig. 3 . The comparison of experimental and numerical results of each solver is shown in Fig. 8 . Most solvers can predict the thickness of the boundary layer with enough accuracy, but the shapes of profiles are not matched well in any of the solvers. These discrepancies can introduce some errors into prediction of the buffeting behavior.
Benchmark Results of Buffeting
A comparison of measurements and numerical studies is shown in Fig. 9 and 10 . At each velocity range from 20 km/h to 100 km/h, the accuracy of each solver is validated.
The ability to predict peak sound pressure level can be examined by experimental data as shown in Fig. 9 . In order to apply practical vehicle development process, computational prediction priority can be proposed like this: First, the velocity at the maximum level of sound pressure, second, the tendencies of sound pressure levels according to the velocities, and third, the quantities of peak sound pressure levels. 
Conclusion
The 
